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JPRS publications contain information primarily from foreign
newspapers, periodicals and books, but also from news agency
transmissions and broadcasts. Materials from foreign-language

P sources are translated; those from English-language sources
are transcribed or reprinted, with the original phrasing and
other characteristics retained.

Headlines, editorial reports, and material enclosed in brackets
[] are supplied by JPRS. Processing indicators such as [Text]
or [Excerpt] in the first line of each item, or following the
last line of a brief, indicate how the original information was
processed. Where no processing indicator is given, the infor-
mation was summarized or extracted.

Unfamiliar names rendered phonetically or transliterated are
enclosed in parentheses. Words or names preceded by a ques-
tion mark and enclosed in parentheses were not clear in the
original but have been supplied as appropriate in comntext.
Other unattributed parenthetical notes within the body of an
item originate with the source. Times within items are as
given by source.

The contents of this publication in no way represent the poli-
cies, views or attitudes of the U.S. Government.

For further information on report content
call (703) 351-2938 (economic); 3468

(political, sociological, military); 2726
(life sciences); 2725 (physical sciences).

COPYRIGHT LAWS AND REGULATIONS GOVERNING OWNERSHIP OF
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COMMUNICATIONS : COMMUNICATION EQUIPMENT INCLUDING RECEIVERS AND TRANSMITTERS;
NETWORKS ; RADIOPHYSICS; DATA TRANSMISSION
AND PROCESSING; INFORMATION THEORY

UDC 621.369.946.2
AN ANTENNA SERVO SYSTEM FOR A IASER COMMUNICATIONS SYSTEM
Moscow RADIOTEKNIKA in Russian Vol 35, No 3, 1980 pp 25-34
[Article by I, M, Teplyakov]

[Text] The description and certain features of antenna guidance and
tracking systems for an inter-satellite laser communication system are
presented in [1, 2], An analysis of a laser servo system with constant

- - radiation of the laser beacon is made and optimization of a process for
mutual search and guidance of antennas is examined in [3].

Let us examine a communication system with direct signal detection,

In many instances, the external background from the daytime sky, reflec-
tions from clouds, etc., are the main form of interference in laser
communication systems, it being necessary to use a laser beacon in the
short pulse radiation mode to cuppress the background [4]., The angle
tracking system may be of the single pulse or scannipg type, A smaller
pulse repetition frequency is required for the single pulse system [5],
and, as a result of this, greater background suppression is possible;
therefore it should be chosen for the laser system with direct signal
detection,

The structural circuit for the single pulse angle tracking system of a
lager beacon radiating a periodic sequence of short pulses is presented
in a general form in Figure 1, where 0A is the optical antenna; TsUUM is
the elevation control circuit; T8UA is the azimuth control circuit;

PR 1s the prismatic beam splitter; UI is the pulse amplifier; K is the
key; OPI is the pulse sequence detector; SD is the range tracking unit
and Gg.j 1is the gate pulse generator, A function diagram of an angle
discriminator in one plame is shown in Figure 2, where UI is the pulse
amplifier, while the shape of the discrimination curve is shown in
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Figure 1

Key to Figure 1:

1. OA-optical antenna

. TsUUM-elevation control
circuit

TsUA-azimuth control circuit
PR-prismatic beam-splitter
FEU-photoelectron multiplier
UI-pulse amplifier

[\

oUW

Figure 3 where Ry ,

O W 0o~
.

-

K-key

Gg-j-gate pulse generator
SD-range tracking unit
OPI-pulse sequence detector
ARU-automatic amplification
control

is the maximum signal strength at the output of

u
the gating circuit; ; is the angular tracking error. We consider the
discrimination curve to be linear over the section + § where 28 1is

the receiver's angle of vision.
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Figure 2

Key to
1
1,
2.
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Figure 2:

Lens

FEU A-photoelectron multi-
plier A

UI-pulse amplifier

Prism

FEU C-photoelectron multi-
plier C
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Figure 3
Key to Figure 3:

Rg out Maximum signal strength at the output of the
strobing circuit

Background Suppression, Let us examine the operation of an angle tracking
system in one plane. Let us find the ratio of signal strength in the band
of a tracking system AFg, and compare this ratio (Rs/Rsh)s with the
corresponding expression for an angle tracking system with constant

beacon signal, For a system with an uninterrupted signal, having a
Poisson photoelectron current at the output of the photoelectron multiplier
from the signal and the background [3,4]

(Be) = - ealuwa¥__ 22 @
w/c  euFuwn + Mg Tuy 14 "4)/":.5

where Eg = Vg, Tgh.y = fg.n/24Fgh.n; AFghen = 1/2T5, ., 18 the noise
band of the tracking system; T\ is the quantum yield of the photodectors;
and Tig,, and Tif are the average number of signals and background photons
incident on the prism per second, respectively, It is taken into con-
sideration in [1] that the constant component from the background at the
output of the photoelectron multiplier does not affect the operation

of the tracking system; we assume that the power of noises at the outputs
of circuits (A+C)-(B+D) and (A+B)-(C+D) is equal to the sum of the powers
of the noises at their inputs,

Let us examine the pulse system, The spectral density of the noise
(quantum and background) at the output of the gating circuit is equal
to the [6]

No= 20T =2 (x/Pyeil,

where T is the pulse duration; T is the pulse repetition period;

@ = kpn(n + 7y)
is the dispersion of pulse amplitude fluctuations; k. 1s the amplification
coefficient from the photocathode output to the output of the gating

circuit; v]ﬁst' and WA/T are the average number of signal and background
photoelectrons, respectfvely, for time T at the photocathode output,

3
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Then
No=2kp (</T)*T1e (m. + "EQ).

The maximum amplitude of the signal pulse at the output of the gating

circuit 1s equal to kr71n51' whereas the average strength of the useful
3signal 1is

seout
Poup = k; (=/TY (”ms‘)"
The ratio of the average signal strength to the strength of noise in the

band AFg, of a tracking system at the output of the gating circuit
is equal to

oy _ AETreAs) _ @rrenef et ©
(P—m)c_ NbFy 2T (nc+ ng) AFw  28Fw (1 + ng/nc) ©

We assume that the average signal strength at the input of the prism
are identical for uninterrupted and pulse systems, Then, when AFghon =
AFgy, we obtain Eg = Tg,nTop,n = BTg (T/T), where Ty = (7 /T)Tg.,.
From (2) we have

Py _ | Ee____ . @)
Pm)c 1+ (a@/;il:) IT) '

for a system with a pulse signal, It follows from Equations (1) and (3)
that the power of the background in a pulse system is T/T times lass
than for a system with a continuous signal, i.e. for an increase in
background suppression it is necessary to reduce the duration of pulses
T and the frequency of pulse repetition F, = 1/T.

Selection of pulse repetition frequency of the laser beacon.

Let the receiver be situated on a stabilized platform having an angular
fluctuation § (t) with a power spectrum [O(iF)|2 = Q(F). We consider
that restrictions on the pulse repetition frequency accumulate as angular
fluctuations of this platform, We will describe the laser tracking system
as & linear system with two integrators within the limits of the linear
section of the angular discriminator aperature [3], The structural
circuit of the linear. tracking system is shown in'Figure 4 (where X and

f are certain constants; the key element is ideal) and its equivalent
transformation is shown in Figure 5, where o

C gty = _;_ 8() + _?T S 8(¢)cos (2nLF ).

Let us examine the components of tracking syngh errors, In the first
place, it distorts the spectrum § (F) of the input signal B (t); we will
call this distortion the dynamic error analogy with the dynamic error

of the continuous tracking system, In the second place, the constituents
f(t) cos (2M1F,t), with 1 =1, 2, .,., which were formed as a result of
a sampling of sggnal B (t) will pass at the output of a pulse tracking
system, These components at the output of the tracking system will create
a sampling error which also determines the necessary values of Fp.

4
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Figure 4 Figure 5

Let us find the sampling error. Let the spectrum of the 1Eput signal
strength be described by the expression §(F) = 1/[14F/Fg)“™], where
F_ is the width of the spectrum over the level of half power; m charac-
terizes the decay rate of the spectrum with the frequency.

For an analysis of the sampling errors let us examine the structural
_ circuit and Figure 6, where

G(p)=a/p+3Tp*=0B+Tp)yTp% G*(2)
is the z-transform G(p); z = exp(pT); p = d/dt. On the other hand, we
- have G*(z) = z-1G*(z;1), where G*(z;1) is the modified z-transform of
G*(z;£) at £= 1 for the function G(p). Using the z-transform tables,

d e - . .
we fin ] G_. (2) = l(a + ?) z—l- — z—2'/(] — 2_1)2.

Then the transfer function of the tracking system is equal to

80 (p) Gp) (1— 21 .
X =505 =Troem —IP Tmemimh e ra=a e

The system's stability conditions determine the values of the coefficients

[7] at #£>0, P>0, 200 + 8L 4, For the transfer function with regard
to error Y*(iw), we obtain

e ’
» (A

I (o) = Tixeap

4(l — cosw?)" B

V4 at + bs-—-Q(n,' + ayb,) cos oF 4- 2, cos 20T

==

where ag = 2 - & -6; bo =1 -4, At frequencies close to (T = 271,
1=0,1, 2, ..., the denominator may be assumed to be equal top 2,

At x= P = 1, we have the exact expression Iy*(ila))l2 =r(l - cos WT).
The spectrum of the signal € *(t) and the amplitude frequency characteris-

tic of the pulse [y*(IF)| and the continuous [G(iF)] parts of the tracking
_ system are presented in Figure 7,

Let us find the sampling error of a signal as the result of components
0(t) cos (27M1F,) at 1 = 1, 2, ... passing through a quadripole with
a transfer functgon X(p). The average square of the sampling error is

o3=§{2}, e b(F— IF)]1G U Y+ 0P paF.
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It may be seen from Figure 7 for an instance of_small errors that the
behavior of the functions IG(:lF)‘2 and IY*(iF)lz in the area of frequencies
F X in at 1 =1, 2, .., is of interest. Then we have

e Bty
lG U‘“” =T (wT)* .

(66f|

N\ Iv%iel

Puc. 7

Figure 6

Figure 7

At frequencies F = an at1=1, 2, ... W2 >>1, one gay consider

that [G(1Ww)(22£42/w2, Then |G(ilFp)[2 = X 2/(2MWIF ). For the
function [y*(i) 2 in the area of frequencies of F = Fp at 1 =1, 2, ...
for small sampling errors

[Y*(F) P =(4/8%)(1 — cos 2= FT).
To sum up, we obtain

0

o?.—:%%';ge(f‘)(l —cos 2 FTRAF 112 ="

=1

= '5'5‘[33’3 (F)dF — 4SH(F)cos (xFT)dF + g?(F )cos (4= FT) dF]-v'

7 ¢ dF rFe
The first integral [9] is SB(F)dF=§1+(F/Fc)=m=2ms!n(1=/2ﬂ.‘)'

The second and third integrals are calculated using the expression [8]

S cos(ay)dy

m .
. (2k—1)x)
5m ylﬂl - me,;m-l ZexP[_ absin (———2172:] x
&=l

X sin [(————2"’;;. D® 4 abcos (————Zk;nl)“] .
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Then s '-2 8 }/fr.'a' (Zc )3

“="g5 .
For m>2 [9] . . . m %—1)
o Qk—Nr . . —D=__
Zsm 2m "~ sin(n/2m)’ Zws =0
k=1 k=1
- (% — 1)2n Q. Qk—1)5r 1
D s =2 =0; Nsin om . Sin(en/2m) *
r=t k=1
Then, 2__ 4r'e? sin(=/2m) _&_‘4
8= 37 sin (5=/2m) ,.) :
Thus, for a minimal pulse repetition frequency at low values of £t we
obtain
(2=a?/33%}) F, npu m = 1;
}/Qa' 113
2r - F npH m =2;
F.> r( 9@2e; ) ¢ P (4)

n 422 sin (x/2m) /4 :
.,/'—‘;';[ﬁ?sln (S:r/Qm)] Fe nmpn m>2,

wﬁmw;inmm. After detection
of the laser beacon signal, the angle tracking system is exposed to tran-
slent conditions before switching to the stationary tracking mode. It

- must be considered that a jump in angular velocity df (t)/dt, equal to
the sum of the angular speeds of the stabilized platform, and beacon
displacement relative to the receiver affect the tracking system after
detection of the signal, Further, we assume that the prediction for
angular velocity d @ (t)/dt 1s not used to improve the angle tracking system
characteristics,

High computational accuracy is not required in analyzing the transients;
therefore, it 1s convenient to examine the angle tracking system as con-
tinuous, Let us analyze the structural circuit of the continuous tracking
system with two integrators shown in Figure 8,

The tracking error is equal to (p(p)=9(p)p7/(p7—}-kp-,l-k|k)‘

Let us denote the angular translational velocity of the beacon relative
to the receiver by €1(t). For the jump in angular velocity 1L(t) =.00
we have Cl(p) = Qo/p and O(p) = 8(P)/p = Qp/p*. Then

)

%
?(p) P rRg AR ( kN RE g, .
Pt +T(T_]),
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where a = 27T; b = F_; ab = ZTTFS/F for the second integral. Given

small sampling errors, 2TFg/F_ is «<1, Let us designate (2k-1)77T/2m =

ab =¥ £< 1, Then, reetricting ourselves to members not greater than Y
we have

exp[- ab sin(—Q—kfz';—n—“] =exp(—7sinx)=1—qysinx+

Tz e I cint T gipe
+—,1—smx & Sin x4+ 57 Sin‘ x;

oD ¢ absos ] i o085

= sim x cos (7 cos x) + cos x sin (7 cos x).

Assuming
sin(ycos xy = ycosx —%cos’.t;

B cos(-rcosx)zl——;icos’x+—2§'cos4x.

- we obtain

exp(— ysin x)sin(x 4 7cos x) = sin x 4- ycos2x 4-

" . 7 T .
+A—2— sin x — —-cos 4x+ 5 Sin 5x,

For m = 1, restricting ourselves to members not greater chan Y ,
L.
- cos(ay) dy
S' mry =g (l=1)

Let us introduce the normalized sampling error . . -
o =odf /5 8(F)dF.
form=1 2 Ona? Fe -
=% ()

for m = 2, we have

B~ 2+ P)sn -+ 4.
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2
2l
817 gp{p/£+k_,: ﬁe[‘ ‘_’ N
X P F 2
A U U S——
- 41 1 10 @
R Figure 8§ Figure 9

From the tables of inverse Laplace transforms we obtain
o, ok —_—

kY 1— ak,Jk {exp[— 7= V1_4k!/"c)‘]— _
~exp[— 5 (1 + VIZTETA) ]} gor. 4k <1; -
PO=1oyesp(— 2-1) for 4hyk=1;

22, _E NG (R v .
TR exp( 5 ;)gm(z }/4/e,/k—1t) .

for_4k1/k> 1.

At a certain instant in time t; the error ¢ (tg) is maximum, It is

apparent that in order for there to be no break in tracking, the error
should not exceed the aperture of the angle discriminator +§, i.e., -
¢ (tg) £ & . Let us designate 4kj/k = ¢ ,

From the condition ¢ (t,) =8 we will find the maximum permissable value
of N g = Q,(p), still being tracked by the tracking system, i, e., =
we will determine the capture area for the system,

£ — '“(%ﬁj‘) [ ~—\12 -
3%} T gexp / T—¢ ! [(1+}/l_p) _

= —Vi=,
0. () < 1+ YT\ =48 - i
. JUAS O \I=YT=p for A<k
: Bek(?_  gor A=k ‘ _
6—%"’—“axp,( e—];jarctg}"p— 1) for. P> 1

The transfer function of the tracking system is equal to
K (p)=8,(p)/8(p) = (kp + k:R)I(P* + kp + ki),
while the noise band is

AF, =.—;;S|K(|u‘,) [dw ;%(1 +%) = %(1 +4).
v

Let us examine the dimensionless value ¥ , characterizing the ratio of
the capture area .ﬁz(f’) of the tracking system with regard to angular
velocity to the system's noise band,

e BE) %) 29%0)
ARy, T AR, A T We(T4p/4)?
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where 4 = Zdn 1s the receiver's angle of vision,.

It follows from the graph of the change in X (Figure 9) that within the
braod area of values for P , one may consider that the band of the tracking
system should be greater than or equal to

: 2, ( Q [

>t = g

where N, (f) 2 Ng; Qg is the anticipated jump in angular velocity,
In the general instance, the condition ¢ (to) < 8 should be satisfied
with a reserve, i,e., ¢(tg) = &/ , where ry = 4--6 is the reserve
coefficient, Then we finally obtain

Q .
BF> rogt- (5)

The range tracking subsystem, This subsystem produces synchronizing pulses

for gating the pulses being received from the angle tracking system signal,
Let us consider that the structural circuit of a range tracking system

is identical to the structural circuit for angle tracking and, given a
high pulse repetition frequency, may be described by the circuit in

Figure 8, whereas the aperture of the time discriminator is linear within
the range +7/2, where T is the duration of the pulses being received.
Let us write an analogous expression for the noise band of the range

tracking system as . 1 /6F
AFy'R> ro .'ZT(_rJQ) ’ (6

where AF, is the anticipated maximum difference in frequencies between

the pulse repetition frequency of the slave pulse generator of the range

tracking system at the initial Instant of operation and the pulse repeti-

tion frequency of the signal being received, This difference in frequencies
x is caused by the discrepancy of the frequencies of the pulse generators at

the transmitting and receiver ends of the laser line due to instability

of the generators as well as by the Doppler shift in the pulse repetition

frequency when the beacon is displaced with regard to the receiver.

The formula which was obtained arises from thé following analogies, It
is possible to express the aperture of the time discriminator in angular
units 4¢ = 27F T, i.e,, the aperture 2MF_ T of the range tracking
system corresponds to the aperture 4 of the gngle tracking system, while
the angular velocity .QO is the angular frequency 2TA Fps from whence
expression (6) follows:

The square of the relative root-mean-square of the angle tracking system's

noise error is equal to [3] (t)’sh/S)2 = NoAFsh/PS.out'

Let us require that the necessary optical signal strength at the receiver
input be identical for the angle tracking and range tracking channels,

5w RV _
In this case, it is possible to write (—:x;;) = N A Fppi P

10
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for the square of the relative root-mean-square noise error with regard
to range by analogy. It is logical to consider the relative root-mean-
square noise errors of the angle and range tracking systems be identical.
Hence, it follows that AFg, = AFgur. Using (5) and (6), we obtain

the expression for the minimum pulse duration s A 4Fp

T —— bt
/'QDFH'

Dynamic and fluctuational errors of the angle tracking system.
It is advisable to select the work mode of a
tracking system close to the critical, whereby
(o +8)2 = 4P [7]. The squares of the
amplitude—frquency characteristics of the
system lX(iF)l are presented in Figure 10

for several values of B (a mode close to the
critical), They are adequately smooth for

B < 0.1 and therefore the characteristics of
the pulse system can be identical to the . Puc. 10
characteristics of a continuous system, Figure 10

el

It is possible to determine the dynamic error ¢ (t) from the structural
diagram in Figure 6 given the input variable % 8 (t). Let us examine
the dynamic and noise errors of a tracking system in the range of values
$ = 0.1 - 1 vhere it is necessary to take the pulse nature of the system's
operation into account, From Figure 6, the average square of the dynamic
error is y & I

ww={ 8P ¥ (Fypar,

0 B :

We consider that Fg L« AFsh, which 1s fair, given small dynamic error.
In this case, it is possible to assume that |y+(1F)] = (1/f)(1 — cus2nF TR

Th - _
=g 459(F)(1—c0521rFT)7dF.

Gp == #re
On the other hand, it was earlier found that
{6(7)(1 — cos2nFryar =¥z )
¥ '

Then the square of the dynamic error normed with regard to the strength
of the input variable is equal to

: 12 e . .
a=alry{orar =2, o
°
Let us determine the noise band of a pulse tracking system by the
expression 16
2—“§ lY‘(lm)l']G(lm)['dw

(r*oaop

11
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2]

where [y*(0)G(0)]2 = T2,

In particular, for o = f) =1,

Al';,h= ,_.,, 54(1—c05wT)2T2"(*_(T°’)Tldw 3‘; _"Ln_ ,
It is possible to determine the noise band for other values of <& and 6
by numerical integration, We agsume that F, = Y4 Fgy, where Yis a
function of & and #, Then, using (4) and (7), assuming a peak factor
of the process & (t) = 4 with a peak value of 9m, we obtain £ =
40y /0 and for F, << AFy we get

(r,’?ﬂ’@)(amldv)ch for m=1;

AF - | B9 2V Z3) P (0,/0)10F, for m=2;
sh = sin (=/2m) T4
| ] OwedFe for m>2
Let us _now examine the noise error determined by the general expression
[31 o’ﬁ 32/ ¢/Psh) ¢ for the tracking system, Using expression (2)
we find .

®

("m )’ 28Fu (1 +nglne) _ . 8Fm 1+ n,t.z/(:t
U 1et/T " Fa 1€,

where E¢ = ’ﬁs't is the average number of photons of the signal at the
input of the angle discriminator for time T . From this equation the
ratio of signal strength to noise strength at the output of the photo-
cathode required for a single pulse is equal to

: 2 3y '
mr G = &) f-*’)

We assume that fg = P/hf, where P is the optical signal strength at the
input of the angle discriminator; h is Planck's constant; f is the op-
tical signal frequency., The average optical signal strength at the
input of the angle discriminator P = P: IT =hfn<T=FhfE.

Using (8), we obtain E.=c[1+(1 +2MF:’C), 2),
where ¢ = (1/¥) (S/o’sh)z. Then
Paye =(ASAFRMGIggl 11+ (1 + 2uizgeic) . (10"

Let us examine the instance when the tracking system band is determined
by dynamic error and not by transients, [The ratio m/O“ is large
or a prediction of the angular velocity d 8 (t)/dt is introduced into
the system,] Then it is possible to optimize the tracking system as
follows,

We consider that the resultant dynamic and noise errors o not exceed

the angle discriminator aperture + &, ie., (62 /ro.
Assuming that Uzh = X0 we find the minimum value of Pave- Then
a2 (14 1/x) =% r}: (s, W =71 =0 62 (14N == 827k o2 ==3ri(140).

Using these expressions as well as (8) and (10) for ‘the instances when
the background may be neglected, we obtain

12
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(RrSh@) (OnBPRSF (1 4+ 028 foxr m=1
=] 2(2V218)" (mrBmp7%9) (8,800 £ FF (1 + N\ for m=9;
ave Sin (m/2m) The 18" B \U2, o (14 NEM
_ 2 S swrany ) () s - fot m>2,

where J‘ and S'/ro are the required maximum and root-mean-square resultant
tracking errors, The minimum values of Paye are reached at A= 1 (m = 1),
A=3 @=2), A=4 (m72). Then we finally have

(4rinpe) (0,208 £ F, for m=1;
9\ 13
o | B P 0k F, gor m—2;
ave’

S [Ssin (x/2.n)TH4 rS” 0 \I/* )
T[sln(sn/'Qm)] m(%) hfF, for m>2,

Let us compare the values P,yye which were obtained with the necessary
optical signal strength P, at the angle discriminator input for a laser
beacon in continuous operating mode. We will determine the value & =
Pave/Pn' I-l‘?r m-yoo, the value of P, is determined in [3], in this case
HA=1,9p Z\P In the general instance it is possible to determine that
A= AFg,/ AFgh.n. A graph of the change in A for m — oo is presented
in Figure 11,

- Let us examine a typical instance when the spectrum of angle flunctuations
of the stabilized platform is described by a second order system 8(F) =
1/[1+ (F/Fs)4]. From Figure 8 we find a tracking system with a continuous

signal p () o ‘
()= = wrirTas 1H0p=
e
R vy
3
The amplitude-frequency characteristic of the
L tracking system is close to the maximly flat
15 characteristic at k; = k/2, Then we obtain
N [HEA®)[ 2 = 0%/(w% + k4/4). The dynamic
! I3 Y error is equal to
Fuc, 1t . by ;d
a;=Ss<F>|H(1F)PdF=§ (@xFydr -
Figure 11 P - U4 (FIF )] [(2nFy + #44)

_ (=Fel2V2) (k12 ¥V 3r —F,)
(k12 ¥ 3n)' — F3 '

For ky = k/2 we have 8Fgh.n = 3k/8.
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The relative dynamic error is equal to
% . 48F 3 ¥ In—Fe
, a . dF . 7 n — ‘c ul.n/ — .
o= | vt =t o = P r =
(1]
When the dynamic error is small, AAFsh.nBJ 297 77 F,, then
Fop =3V 2nF 4.
Taking the following substit:utiorz'ts into consideration [3]:

£¢ = 4oy /3m and 0 2 h we have
onf 8 \2 2”631: 3 /iy \23 (1 4+ 1R
n———n-A‘,‘"(qx—h- ==_4"'! r: \'%-) /lch Y .

Given an optimum value A= 3, we obtain X4 = 2,3/8 2/3y .

Let us examine the instance when the background is significantly greater
than the quantum noise, Then, froem (10)

(T \PRE (B N(o = 12
~(3) " (L) et
By analogy, for a tracking system with a constant signal, we have
a —
= _f_(_) (2nn®Aﬁ};,,-,\)’ 2
As a result, we obtain M = [('I'/T)(AF n/A Fsl1-n)]1/2' In particular,

for m oo, A= [(T/1)1.9/B 121 "B 2, u=[(T/m)2.3/82/3¢11/2,
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UDC 621.372.823

BASIC PARAMETERS OF BIMETALLIC WAVEGUIDES FOR RADIO-RELAY
SYSTEMS OPERATING IN THE 6 GHz RANGE

Moscow ELEKTROSVYAZ' in Russian No 3, 1980 pp 36-38 manuscript
received 29 Nov 78

[Article by Yu. I. Isayenko and V. V. Malin]

[Text] The increase in the traffic-handling capacity of radio-

¥ nicztions sysitsme makes ever greater demands on the
quality of the waveguide line. In connection with this, it
has become necessary to develop new (bimetallic, in partlcular)
waveguides that possess considerably higher parameters in com-
parison with copper waveguides. The design features of circu-
lar bimetallic waveguides with a 70-mm internal diameter and
the results of an analysis of these waveguides on a transmit-
ting wave H,; in the waveguide lines of a radio-relay system
in the 4 GHz range are cited in [1]

relay ¢

It is interesting to examine the electrical parameters of bi-
metallic waveguides in connection with antenna waveguide lines
now being introduced into radio-relay nets operating in the

6 GHz range.

Certain questions about the construction of multiwave waveguide
lines in the 6 GHz range and, in particular, about those that
utilize bimetallic waveguides are analyzed in [2,3].

The utilization of bimetallic waveguides in radio-relay sys-
tems of various frequency ranges will provide considerable
savings of the copper that is in short supply and will make it
possible to consolidate the elements of the antenna waveguide
line.
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Electrical Parameters.

The ohmic losses of the bimetallic waveguide in the 5.6 to 6.2
GHz frequency band (the working frequency bvand for systems
operating in the 6 GHz range) do not exceed 1.4 dB in a line
130 m long.

The excitation level of the reflected wave H,, is calculated
according to formulas obtained from the general work equations
for a waveguide 70 mm in diameter [4]:

7~ == 0,025 82/ +0, 11 T/t
f=5,6GHz,

W= =0,02682/a" 40,09 %/a3,
f= 5.2G¥[‘i.

)

The values for 32 and 3: are equal to their values in [1]. The
results of the calculations are cited in table 1.

The levels of the wave H,,, reflected from the individual junc-
tions, are measured with the aid of a type-IP-6 pulse reflec-
tometer. The levels are less than -60 dB, which corresponds

to the calculated data.

The Excitation Level of the Cross-Polarized Wave H,;.

The analysis cited in [1] has shown that the level of a cross—
polarized wave in a line built up from waveguides with low
ellipticity depends upon the angle of rotation of the H,,
wave's exciter. The highest cross-polarized wave level is
obtained with the exciter in the optimum position, if half of
the waveguides have the same position for the ellipses and are
turned 45° relative to the other half, which have the same po-
sition for the ellipses. In this case the amplitude of the
cross-polarized wave is

A+ =o,15( pizaa )'. ‘ @

where z is the length of the line, Bu=)}#—pi/@ , a is the

radius of the waveguide, #,,=1.841..., k=27/x and 3=Dyax-Dy -
The average ellipticity of the bimetallic waveguide is
30,04 mm. The direction of the ellipsis' axes changes along
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the axis of the waveguide. 1In accordance with [1], waveguides
with a constant ellipticity approximately equal to 0.02 mm

- are, from the point of view of the cross- —polarized wave, equi-
valent to those indicated.

With an average line length of 75 m, the hlghest Cross-
polarized wave level in accordance with (2) is approxmately
-35 dB. However, the position of the waveguides in the line
is random. For this reason, an estimation of the probability
of exceeding the given cross~-polarized wave level was carried

. out according to the method in [1]. Within the limits of -35
to -45 dB the level of the cross-polarized wave can be found
with a probability of 0.4 percent. Experimental studies on
the line have confirmed the calculations.

2 .
1 Yponeus soan. ab. Ha wacto-
Tan soaun Tax, [T
5.6 6.2
Hyy —79.5 —79.5
Ef —58 —58
Ea-l. ~561,5 —62
HE | et —56,6
, :
H;l‘ -72,5 -—T71
+ —55 -
Hox . 55,5
Hal- —62,5 —67
E-l{; —69 —71
B —69 -
H;; — —83,5 -
Hs-l- - —2.3
Table 1

1 - Type of wave; 2 - Level of wave, dB, at frequency, GHz
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1 2
Tun napa- |

mo: f. ITa | B, By B, B
Bolet |8 [a®|s X
Boje2 |8 [ 5:00i3
who1es s | b5
TR A A 0:0008
L IR A oido
Ha 18210 | 3B oo
SR I B - R -
ST A I N
i, oo |5 o | o
B 185 |5 |om| &

Table 2
1 - Type of parasitic wave; 2 - Frequency, GHz

In this manner, the method of assembling lines cited in [1]

can also be applied in the 6 GHz range. The application of
precision waveguides makes it possible to obtain a cross-
polarized wave level not lower than -35 to -40 dB. The meas-
urements that have been carried out have shown that a line
tuned to the 4 GHz range keeps its high parameters when
switched to the 6 GHz range by rotating only the exciter of H,,.

The Excitation Level of Parasitic Waves.

Parasitic waves E,, H,, H,, E, and H, can propagate in the
waveguide in the 6 GHz range. We will examine the basic non-
uniformities of the waveguide and the parasitic waves they ex-
cite.
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A non-uniformity in the diameters of the waveguide ends leads
to an excitation of direct and reverse waves E;; at the butt
junction, while ellipticity of the waveguide's ends leads to
the excitation of direct and reverse waves E, and H,;. The
radial displacement, deflection and curvature of the wave-
guide axes at the junction lead to an excitation of direct and
reverse waves E,, H, and H,. The fluctuation in the diameter
along the axis of the waveguide generates direct and reverse
waves E,, and H,.

Calculation of the Levels of Parasitic Waves Excited on the
Waveguide Non-Uniformities. Butt Junctions.

The theoretical estimation of the average energy (W) of para-
sitic waves excited at one butt junction was carried out ac-
cording to a formula obtained from the general equations [4]
for a waveguide 70 mm in diameter:

W = B, §o/ad + By 8/ad + By 83/a* + B €,
(O]

where 82 , 8 and 5 are the average values for the squares of
the amplitudes of the zero, first and second harmonics of the
Fourier series function &(¢) characterizing the step in the
first junction; ©* is the average value for the square of the
axis deflection angle in the joined waveguides. Values for
the coefficients B; are cited in table 2 for two frequency
values. The fact that certain of the coefficients are equal
to zero means that the corresponding harmonic does not take
part in exciting the given type of parasitic wave. The "+"
index pertains to the direct parasitic wave, while "-" applies
to the reverse parasitic wave.

As a result of a statistical analysis of the measurements of
the waveguide ends, we obtained:

VE?,-_- 001 sw; |/ 8 =008 mw;}/ & =002 mx; V G=0,0008 rad.

The results of a calculation according to (3) are cited in
table 1.

- For a waveguide line with n butt junctions, the average value

for the energy of the resultant reflected wave or the result-
ant parasitic wave is n times greater than for one junction.

Gradually Sloping Waveguide Non-Uniformities.

As the analysis has shown, the non-uniformities are the deflec-
tion of the waveguide axis, the fluctuation in the diameter and

20
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the variable ellipticity. The amplitudes of the direct para-
sitic waves at the output of a waveguide of length L accord-
ing to [4] are:

—18L
A= x

- L
- le(ne"”““W“dn @

where 1(z) is the function characterizing the non-uniformity:
for a waveguide with a deflected axis 2(z)=x(z) [x(z) is the
curve of the axis]; for a waveguide of fluctuating diameter

1 dD (z)
14 =_=— 22
@ 2a dz

(D(z) is the diameter); for a waveguide with fluctuating el-

lipticity
1
L= 22

(3(z) is the ellipticity); F,;, ; are the so-called coupling
factors. The general equations for them are given in [4]. In
table 3 the values for the chief parameters of formula (%) are
cited.

Values for the curve of the axis x(z), the fluctuation in the
diameter D(z) and the fluctuations in ellipticity 3(z) which
are necessary for the calculation according to (4) were meas-
ured for a set of waveguides with the help of specially de-
veloped equipment. As a result of the calculations, the fol-
lowing average values (for the set of waveguides and for the
range of frequencies) of the wave levels have been obtained
for a single waveguide 5 m in length: E,~-55 dB, H,~-64 dB,
Hy~-53 dB, E,;~-66 dB and H,~-70 dB. For a waveguide line con-
sisting of n waveguides, the average value for the energy of
the resultant parasitic wave is n times greater than in a sin-
gle waveguide. The levels of the reverse waves, as the analy-
sis has shown, are considerably less than those of the direct
waves and therefore are not conducted.

In a line 100 m long, the average level (taking into account
the non-uniformity in the butt junction and the gradually
sloping non-uniformities) of the waves comprises: E, of approx-
imately -40 dB; H,, of -38.5 dB; Ho, of -41.5 dB; E,, of -51.5 dB;
and H,, of -57 dB.
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’1"I Tun Hegnnopo.“\ Bu—B F
un '] - n—_8;
BONHM HOCTH f. Tru l]cul 1", i
wa ocu | 5.6 | 00077 | 11,570
Eor Kpupuana oc 6.2 ,0853 | i 1,740
56 | 025 |13,28
Hn To xe 6.2 | 0226 | 13863
T 56 | 0627 |10,52
Bes one 62 | 0489 | 10,628
E Nymscuuns nua- | 5.6 | 0.627 0,571
HCBRAR - 4y 0
A . o 6.2 | 0.489 0,417
E ! : a- | 5.6 | 0.627 0,571
[epeMeHHan 3~ s 0
1 num’g-moc-rb 6.2 0,489 0.471
]
T 5,6 - —
Has o me 6.2 | 0.692 0,330
Table 3

1 - Type of wave; 2 - Type of non-uniformity;
3 - Frequency, GHz; 4 - Curvature of axis;
5 - Same; 6 - Same; 7 - Fluctuation in the
diameter; 8 - Varying ellipticity; 9 - Same.

The values obtained for the cross-polarized wave levels, the
reflected wave H,, and all the parasitic waves for a bimetallic
waveguide line show that bimetallic waveguides in both the 6
and 4 GHz ranges possess very high electrical parameters.

Bimetallic waveguides in combination with other waveguide ele-
ments with improved parameters were tested in the experimental
section of the "Kurs-6"* radio-relay system. As a result, they
were able to insure (from the point of view of introduced
noise) a traffic-handling capacity for the radio-relay system
of more than 1320 audio frequency channels.

Conclusions.

1. The bimetallic waveguides 70 m in diameter and up to 120 m
in overall length that have been developed and put into pro-
duction provide for the organization of more than 1320 audio
frequency channels in the GHz range when the "Kurs-6" equip-
ment is utilized.

# Research in the experimental section was conducted under the
guidance of B. S. Nadanenko.
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2. Bimetallic waveguides may be employed as unifying elements
in long waveguide lines with small losses in the 4 and 6 GHz
ranges.

3. Mixed waveguide lines for the simultaneous transmission of
signals in the 4 and 6 GHz ranges may be constructed on the
basis of bimetallic waveguides.
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IKM-15 RURAL COMMUNICATIONS EQUIPMENT

Moscow ELEKTROSVYAZ' in Russian No 3, Mar 80 pp 1-7 manuscript
recelved 2 Jul 79

[Article by Yu. A. Alekseyev, I. A. Lozovoy, P. V. Mel'nikov,
V. F. Myagkov and L. A. Chernyshev]

[[Text] The development of digital technology for the trans-
mission of telephone communications has proceeded by means of
the utilization of 32 channel intervals in pulse-code modulated
(PCM) transmission systems possessing a transmission rate of
2048K bits/sec, and the utilization of a 13-segment coder with
a non-linear logarithmic response of the type A=87.6. These
basic principles have received wide dissemination, and the
International Consultative Committee on Telegraphy and Tele-
phony (CCITT) has formulated a number of recommendations regu-
lating the characteristics of the telephone channels, the
structure of the cycle and other parameters of equipment with
PCM. The IKM-30 equipment (possessing a transmission rate of
2048K bits/sec and satisfying the recommendations of the
CCITT) as well as a number of other higher-order transmission
systems, for example, the IKM-120, have been put into produc-
tion in recent years both in our country and abroad.

- At the present time, IKM-12M equipment is being employed in
rural exchanges for the organization of trunk lines between
stations. This equipment does not link up well with broadcast
system equipment built on the basis of the IKM-30. Moreover,
the 7-bit coding used in the IKM-12M does not insure the neces-
sary transmission quality of telephone signals when there are

= a great many retransmissions and repeat PCM conversions.
Therefore, instead of modernizing the IKM-12M equipment, a de-
cision was made to develop the IKM~-15 15-channel PCM trans-
mission system. It possesses characteristics that are more
suitable for link-up with higher-order transmission systems--
the IKM-30, IKM-120, etc.
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Modern integrated circuits and a number of technical and de-
sign solutions which insure high adaptability for industrial
production have been employed in the development of the appa-
ratus. Commercial production of the IKM-15 equipment is plan-
ned for 1980,

Purpose.

The IKM-15 15-channel PCM transmission system is intended for
the organization of interoffice trunks between rural two-
motion selector or crossbar-type automatic exchanges along

KSPP 1x4x0.9 or KSPP 1x4x1.2 cables or along a VTSP [ further
expansion not provided]. The IKM-15 equipment makes it pos-
sible to organize: 15 audio-frequency channels; from 15 to 45
remote signal channels; four 100-baud or two 200-baud telegraph
channels; or one second-class broadcast chamnel instead of two
audio-frequency channels. Besides the interoffice trunks,

. lines are made available to the exchange's rural subscribers,
which connect them to the automatic districtexchange, bypassing
the terminal station. A subscriber's set in the IKM-15 equip-
ment is utilized for this.

There is a telegraph matching unit in the IKM-15 equipment
used for the organization of telegraph channels. This unit
converts the telegraph impulses that arrive at its input into
signals that are suitable for input into the equipment's dis-
tribution circuit.

The IKM-15's broadcast channel is organized by replacing the
individual equipment for the two audio frequencies with equip-
ment for the broadcast channel. The broadcast channel is a
duplex channel. The direction opposite the transmission of the
of the broadcast channel is used for monitoring the transmis-
sion quality.

Instead of one audio—frequency'channel, it is feasible to or-
ganize in the IKM-15 equipment a 64K bits/sec digital data
transmission channel whose Darameters correspond to the CCITT's
recommendation G. 732. Furthermore, Provisions have been made
for the feasibility of working with electronic matching units
(SU-IKM) which in the future will replace the relay assemblies
of the trunk relays that belong to the automatic exchange. 1In
this case, each audio-frequency channel will be given three
signal channels.

The IKM-15 equipment insures transmission along the line at
the rate of 1024K bits/sec. Two such signals may be combined
into one common stream at a rate of 2048K bits/sec, or eight

IKM-15 signals at a rate of 8448K bits/sec. This corresponds
to the accepted standards for the IKM-120 equipment.
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The characteristics of the coders in the IKM-15 and IKM-30

- equipment are identical. Therefore, it is possible to connect
two IKM-15 outputs in order that a standard IKM-30 may be in-
stalled at the opposite end of the line. IKM-15x2 and IKM-15x8
connecting equipment is now being made on the basis of the
IKM-15. It will be able to interact directly with the IKM-30
and IKM-120 units.

Technical Specifications.

The transmission rate for a digital signal at the output of a
terminal station is 1024K bitsﬁsec. The equipment's range is
50 km, but with the application of serviced stations the range
increases to 100 km. The maximum distance between intermediate
stations for KSPP 1x4x0.9 cable is 7.2 km and 7.4 km for KSPP
1x4x1.2 cable. The intermediate station's regenerative re-
peaters are equipped with compensation amplifiers that have
automatic gain control and automatically retune when there is

a change in the length of the regeneration segments: from 4 to
7.3 km for KSPP 1x4x0.9 cable and from 4.7 to 7.4 km for KSPP
1x4x1.2 cable. 1In this case, the attenuation in the regenera-
tion segment is within the limits of 26 to 46 dB.

N Loudspeaker service communications are organized through a
phantom circuit between terminal stations as well as between a
terminal station and any intermediate station. Its range with-
out intermediate amplification is up to 50 km.

The signal formed at the terminal station for transmission into
the line has the form of a rectangular pulse with an amplitude
of 3 B ?nd a duration equal to the time interval t,=0.98 usec
(fig. 2).

- (==

et En=0,98 ¢

Fig. 1

- The IKM-15 equipment is built according to the principle of
time-division allocation of the channels, and therefore one of
its characteristics is the time spectrum, which is the sequence
of time intervals combined into the channel intervals and cy-
cles (fig. 2).

The cycles with a duration of 125 usec follow one after another

at a frequency that is equal to an 8 kHz discrete frequency.

Each cycle contains 16 channel intervals 0-15, and each chan-

nel interval consists of eight timing intervals. There are 128
26
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timing intervals in all in the cycle. The channel intervals
from the first to the fifteenth contain information relating
to the corresponding audio-frequency charmnels. The informa-
tion in these channel intervals is registered in the form of
8-bit binary-coded combinations P1-P8.

Channel interval 0 is intended for the transmission of syn-
chronous signals serving to determine the beginning of the cy-
cles and the supercycles, as well as for the transmission of
information coming from the signal channels [channels for the
transmission of control and interaction signals of the auto-
matic telephone exchange] and telegraph channels. The signal
of the cyclic synchronization is registered in the form of the
fixed combination 110 in the time intervals 6-8.

1
ISKH| OKH TKH 2KH 3K 440 . . TIRH T2KH 13KH 16K 15KH| OKK

[T TTITIT1]

2 t
rumma =125 mnc
3 4 h
oxu 7 1KH
@ 80Y8 8TAr  Cuwxpocuznan
'——_&\’—Aﬂ,—.—-—%

LL L [ [ [o[n]nla]alnlm]n]n
8(THI THZ TH3 THy THS THE THT THE (TH? . 1
O =7.8 mwz Y =098mmc

Fig. 2

1 - Channel intervals 0-15; 2 - Time of cycle 125 usec; 3 -
Channel interval 0:; 4 - Chanicl luierval 1; 5 - Control and
interaction signal; 6 - Telegraph; 7 - Synchrosignal; 8 -
Time intervals 1-8; 9 - Time interval T,=7.8 usec; 10 - Time
interval t,=0.98 usec.

A supercycle is formed by 16 consecutive cycles. In timing in-
terval 1, channel interval 0, a Supercycle synchronization sig-
nal is transmitted at the beginning of each supercycle. That
signal insures the proper distribution of information along

the control and interaction signal channels upon reception.

In accordance with the principle of time division of channels,
the information that comes from the control and interaction

channels is registered in time intervals 2-4 of all 16 suc-
cessive cycles: in time interval 2 is registered the informa-
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tion from the 16 channels of the first group; in time interval
3 is information from the second group; and in time interval
L is information from the third group.

Information arriving from the telegraph channels is registered
in time interval 5, channel interval O. The basic audio fre-
quency channel parameters of the IKM-15 equipment satisfy the
standards of recommendation G. 712: the input and output levels
of the audio-frequency channels are -13 and +4.3 dB, respective-
ly; the gain of the audio-frequency channels is set with an ac-
curacy of ¥0.3 dB, and the stability of the gain over the
course of a month is *0.5 dB; the amplitude-frequency response
of the overall line attenuation a of the channel is laid out

in the scale depicted in fig. 3a--the amplitude-frequency re-
sponse norm corresponds to 1/5 the CCITT's norm for the audio-

- frequency channel; the immunity from total pulse modulation dis-
tortion (the S/N ratio) as a function of the relative level of
the input signal r is not less than the values in the scale in
fig. 3b; the level of weighted noise in the open channel does
not exceed 500 pW at the zero reference level; the immunity

_ from audible crosstalk is not less than 65 dB.
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Fig. 3
Power supply to the IKM-15 equipment is accomplished through a
- power source common to the automatic exchange with a voltage of

60 V, +20/-10 percent. The remote supply for the intermediate
station is carried out by means of a phantom circuit from one
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terminal station. At each intermediate station and terminal
station feeding the line from opposite ends, loop equipment is
installed. It is controlled by means of reversing the current
from the remote supply. The power requirement for a line of
maximum length does not exceed 180 W.

The block diagram of the IKM-15 equipment is depicted in fig.
L. The apparatus consists of terminal stations 1 and 2 and
the line equipment.
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1 - To automatic telephone exchange; 2 - Control and inter-
action signal channels; 3 - Audio-frequency channels; 4 -
Telegraph channels; 5 - Minus 60 V to general station alarm
signal unit; 6 - Line circuit; 7 - Alarm unit; 8 - Multi-
plexing and encoding unit; 9 - Line terminal unit; 10 -

Line regenerative amplifiers; 11 - Intermediate station 1;

12 - Intermediate station 2; 13 - Intermediate station 3; 14-
Cable line; 15 -~ Low-frequency terminal unit; 16 - Matching
telegraph unit; 17 - Service equipment; 18 - Terminal sta-
tions 1 and 2.

. Each terminal station consists of:

--an alarm unit which insures the power supply to the termi-
nal station and provides the alarm when there is a breakdown
in any of the terminal station's units. The alarm signal is
then transmitted to common and general station alarm signal
units;

--a multiplexing and encoding unit intended for time division

and distribution of the chammels as well as the analog-to-
digital conversion (encoding) of the audio-frequency signals;
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--a low-frequency terminal unit assembly containing 15 low-
frequency termiral units which, when the connections are made
between the channels of the IKM-15 equipment and the automatic
exchange units, convert the four-lead channel terminals with
levels of -13 and +4.3 dB at the input and the output into
two-lead terminals with levels of 0 and 7 dB or 0 and 3.5 dB.
Furthermore, on signal from the trunk exchange, the units pro-
vide for automatic tandem switching into a four-lead mode
with levels of -3.5 and -3.5 dB (low-frequency terminal unit
II) or into the two-lead mode with levels of O and -3.5 dB
(low-frequency terminal unit I);

--a block of matching telegraph units which provide for the
match-up of telegraph signals with the IKM-15's digital infor-
mation transmission channel;

~--a service equipment block which serves for the organization

of service communications on the phantom circuit and which con-
tains the intercommunications equipment for communicating on
the telephone channels, as well as switching equipment for
monitoring the audio-frequency and control and interaction sig-

...............

nal channel S. .
The line equipment consists of:

--a line terminal unit intended for the regeneration of of the
digital signal taken from the station section of the cable line,
for the remote power supply of the line regenerators, for the
reception of voice-frequency service calls, for the lead-in of
cable and for protection from dangerous voltages. The line
terminal unit is made in two configurations: the first contains
a remote power-supply unit, while the second, instead of the
remote power-supply unit, contains a remote loop that makes it
possible to form the circuit of the terminal station;

--intermediate stations, each containing two line regeneration
amplifiers (one for each direction of transmission) for the re-
generation of digital signals transmitted along the cable line;
the line regeneration amplifier in the IKM-15 contains an amp-
lifier with an automatic compensator and automatic level con-
trol, which make it possible to connect the intermediate sta-
tions into the line without worrying about the length of the
regeneration segments (within the limits of the standards cit-
ed above). In addition, further attenuation of the regenera-
tion segment to the nominal level through a collection of phan-
tom circults is not required.

The audio-frequency signals from the automatic exchange's sub-

scribers arrive at the low-frequency terminal unit of terminal
station 1. The low-frequency terminal unit's outputs are con-

30
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200090050-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200090050-5

FOR OFFICIAL USE ONLY

nected with the four-lead terminals of the multiplexing and en-
coding unit. The encoded binary combinations that correspond
to the instantaneous values of the telephone signals leave the
output of the multiplexing and encoding unit and arrive at the
line through the line terminal unit. The binary digital sig-
nal passing down the line is regenerated ateach intermediate
station. At each following regeneration segment the signal is
transmitted in exactly the same form it had at the output of
the multiplexing and encoding unit. While passing through the
last regeneration segment, the binary signal is restored by the
final regenerator of the line terminal unit, and a signal ana-
logous in form to that at the output of terminal station 1 is
received at the input of the multiplexing and encoding unit of
terminal station 2.

A reverse transformation of the signals takes place in the mul-
tiplexing and encoding unit--from digital to analog form--and
the signals are distributed on the audio-frequency channels.
The telephone signals from the output of the multiplexing and
encoding unit are sent to the subscribers of the automatic ex-
change through the low-frequency terminal unit. The control
and interaction signals for the automatic exchange arrive at
the multiplexing and encoding unit through the control and in-
teraction signal channels.

Signals from the telegraph sets arrive at the inputs of the
matching telegraph unit block which is connected to the multi-
plexing and encoding unit through reception and transmission
circuits.

The block diagram of the multiplexing and encoding unit is
represented in fig. 5. The audio-frequency signals arrive at
the inputs of the low-frequency filters F1-F15. These filters
impede the components that are outside the range of audio fre-
quencies. From the filter outputs the signals proceed to the

- keys of modulators M1-M15 which then form pulse-amplitude modu-
lated (PAM) signals consisting of pulses with a 3 wsec duration
and a reception frequency of 8 kHz.

Each of the 15 switches M1-M15 operates at various moments in
time, shifted 7.81 usec relative to the adjacent channels. The
outputs of all the keys are joined together, and, thus, all

the individual PAM signals operating at various channel inter-
vals of time are united in a group PAM signal. The group PAM
signal arrives at the input of the No 1 amplifier which charges
capacitor C. Capacitor C insures the formation of a flat crest
on each PAM signal arriving at amplifier 2.
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Fig. 5

1 - Inputs of the audio-frequency chamnels; 2 - Filters F1-F15
- 3 - Modulators M1-M15; 4 - Amplifier 1; 5 - Key 1; 6 - Capa-
citor C; 7 - Amplifier 2; 8 - Encoder; 9 - TsPRD [digital signal
transmission J; 10 - To line terminal unit; 11 - Alarm control
unit; 12 - Power supply; 13 - Digital data; 14 - Control and
interaction signal unit; 15 - Control and interaction signal
channels; 16 - Audio-frequency channel outputs; 17 - Filters
F16-F30; 18 - Reception keys 1-15; 19 - Amplifier 3; 20 -
Decoder; 21 - TsPRM [expansion not provided]; 22 ~ Reception
regenerator; 23 - From line terminal unit.

The signal from the output of amplifier 2 proceeds to the coder
input. The coder digitally converts an infinite set of amp-
litudes of the PAM-signal pulses into a sequence of eight-bit

- binary-coded combinations. During operation, the coder meas-
ures the amplitude of the arriving PAM signal. The result of
the measurement of this amplitude is presented in the form of
an encoded combination that corresponds to a certain small
range of amplitudes--to the so-called quantization interval--
within whose limits the arriving PAM signal appears. The en-
coded combinations appear at the output of the coder in the
form of a binary digital signal.

The IKM-15's coder performs a non-uniform quantization of the
input signals. The law of quantization interval variation
(the compressor response) is given by line-segmented curve 2
in fig. 6, which consists of 16 segments: eight are for the
positive values of x and eight are for the negative. The com-
pressor curve for 0sxsl is shown in fig. 6.
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As can be seen in fig. 6, the quantization intervals within the
limits of the first segment 1C are equal to A,=1/32; within the
limits of the second segment A,=1/64. 1In each successive seg-
ment the quantization intervals decrease by one half: 4,=1/128,
8,=1/256, A=1/512, A,=1/102k, 8,=084=1/2048, The seventh and
eighth segments have the same slope and dimensions (fig. 6a).
Upon examination of the overall compressor curve (fig. 6a),
four segments in the center of the curve form a section of
straight line. This section is frequently called a single seg-
ment. When this allowance is made. the curve has 13 segments.
The 13-segment broken curve approximates logarithmic curve 1
(fig. 6) with a rectilinear initial segment. The analytic ex-
pression for curve 1 is:

o Ax
NS TFma 0S* s

1+Indx 1
Y=Tfma A S*sh

‘where A=87,6.

The binary signal from the coder's output arrives at the digi-
tal transmission signal processor (TsPRD) (see fig. 5), which
varies the signal's statistical characteristics. Digital bi-
nary signals from the digital data unit and the control and
interaction signal unit also arrive at the input of the digi-
tal transmission signal processor. These signals contain in-
formation from the telegraph channels and the remote signal
channels, respectively. Signals from the digital data and con-
trol and interaction signal units are included in the group
signal until it is processed. After the group signal is pro-
cessed in the digital transmission signal processor, the syn-
chrocombination 110 is introduced into it. The group signal
from from the digital transmission signal processor arrives at
the line through the line terminal unit. The group signal from
the line, having passed the line terminal unit, arrives at the
input of the compression and encoding unit's receiving unit.
The receiving generator at whose input the signal arrives is a
simplified regenerator without an amplifier. It separates the
timing frequency from the signal and forms it into a pulsed
time sequence with a frequency of 1024 kHz. This sequence is
necessary for the operation of the receiving station's genera-
tor equipment. The group signal from the receiving regenerator
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arrives at the TsPRM unit which carries out: the synchroni-
zation of the receiving station by means of a synchrosignal;
reverse processing of the group signal; and the separation of
the digital signals for the decoder, the digital data unit and
the control and interaction signal unit. The digital data and
control and interaction signal units direct the telegraph sig-
nals and the control and interaction signals to the outputs of
the corresponding channels.
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The digital signal arrives at the input of the decoder. Each
coded combination causes a pulse to appear at the decoder's
output. This pulse possesses an amplitude very close to the
amplitude of the signal changed by the coder. As a result, a
group PAM signal corresponding to the group PAM signal at the
input of the coder appears at the decoder's output. Having
passed through amplifier 3, the PAM signal arrives at receiver.
keys 1-15, which carry out time division of the group PAM sig-
nal on individual circuits with the help of command impulses.
These impulses close the receiver keys in turn at those mo-
ments in time when a pulse destined for the engaged individual
circuit appears at the output of amplifier 3. The individual
circuits contain LF filters (F16-F30) and amplifiers from
whose outputs the audio-frequency signals then reach the sub-
scribers.
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Contained within the multiplexing and encoding unit is an
alarm control unit which monitors the operation of the IKM-15
and sends out an alarm when there are breakdowns of various
line segments. The multiplexing and encoding unit also con-
tains power-supply equipment which provides the multiplexing
and encoding unit assemblies with the nominal voltage re-
quired for operations.

The block diagram of the line terminal unit is depicted in
fig. 7. The line cable leads to the cable input assembly of
the line terminal unit. The cable input assembly provides

all units of the terminal's equipment with protection from
dangerous voltages induced in the line. The central points of
the line windings of the transformers form a phantom circuit
to which the remote power-supply or remote-loop devices are
connected. The voice-frequency ringing set and the service
communications input-output are likewise connected to the phan-
tom circuit.

The signal from the multiplexing and encoding unit passes im-
mediately to the unit's line transformer and farther on is di-
rected into the line. The signal from the station segment of
the line is directed through the multiplexing and encoding unit
to the input of the terminal regenerator, which restores the
signal. A binary group signal from the output of the terminal
regenerator proceeds to the input of the receiver portion of
the multiplexing and encoding unit.
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Fig. 7

1 - Line; 2 - Cable input assembly; 3 - Terminal regenerator;
4 - To multiplexing and encoding unit; 5 - From multiplexing
and encoding unit; 6 - Remote power supply; 7 - Voice fre-
quency ringing set; 8 - Local power supply.

The remote power supply insures that direct current arrives
at the phantom circuit to supply the regenerators at the inter-

mediate stations. At the station opposite the remote power
supply a remote circuit is installed in the line terminal unit.
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The current from the remote power supply then flows through
this remote circuit unit. The remote circuit carries out re-
mote switching of the terminal station's circuit on a signal
from the opposite terminal station. The line terminal unit
also includes a local power supply unit which powers the as-
semblies of the line terminal unit.

Design and Assembly.

The elements of the IKM-15 are designed so that they can be
mounted in an angle-bar rack up to 2600 mm in height. The
width of the rack center-to-center at the mounting holes is
600 mm. An example of the elements' arrangement in the rack
is presented in fig. 8.

The equipment units consist of elements connected to the units
by plug connectors. The units are likewise fitted with plug
connectors which serve as alignment guides. By virtue of
these plug connectors, a damaged unit (or element) can easily
be removed and replaced with one in good working order. Pro-
visions have been made for different element and unit connec-
tions, dependent upon the operating conditions. The IKM-15's
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terminal station has 12 unit configurations, depending upon
its purpose: for operating two-motion selector or crossbar-
z type automatic exchanges with or without a broadcast channel;
with electronic matching devices or with the organization of
telegraph channels.

The line equipment provides for two versions of the line ter-
minal unit and for varying numbers of intermediate stations:
depending upon the length of the line, the number of inter-
mediate stations may vary from one to seven.

The equipment also includes so-called "expansion sets" which
are collections of various elements. These make it possible
to build up the terminal station's rack-mounted equipment to
four sets and to build up the intermediate station's regenera-
tors to two sets.

Operation of the IKM-15 Equipment.

No adjustments are required during the installation and ope-
ration of the IKM-15 equipment. When designing and preparing

- the line for operation it is necessary to certify the line and
the terminal equipment. For this, a line set is used which
consists of a telephone call set that operates on the phantom
circuit and a universal line measurement instrument that in-
sures the measurement of attenuation in the cable and the
measurement of transients at a frequency of 512 kHz. When the
line is certified with the aid of the universal line measure-
ment instrument, the interference immunity of the regenerators
is also checked. The universal line measurement instrument
provides for the same measurements at frequencies of 352 and
1024 kHz for the IKM-12M and IKM-30 installations.

Routine maintenance checks on the condition of the line should
be carried out once each year. During operation, checks on
the function of the trunk lines are carried out on the side of
the automatic exchange's instruments with the same frequency
tha*t they are carried out during the operation of the automat-
ic telephone exchange.

The certification and routine maintenance checks on the IKM-15
terminal equipment are carried out with the help of a PEI-1
performance measurement instrument which makes it possible to
measure the basic characteristics of the audio-frequency chan-
nels: the overall line attenuation, immunity from quantization
distortion and crosstalk between channels.

The installation's service equipment makes it possible to se-

quentially switch all the channels over to jacks, to which are
connected the measurement instruments or telephone call sets
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that form a part of the service equipment. The service equip-
ment block makes 1t possible to check the installation's sig-
nal channels with the help of an automatic telephone dial and
a switching unit.

Equipment repair is accomplished by replacing the malfunction-
ing units with serviceable units from the spare part, instru-
ment and accessory kit. The malfunctioning units taken from
the line are repaired in special equipment laboratories. The
determination of the malfunctioning unit is accomplished from
the terminal station with the aid of circuits which can be

set up automatically from the station with remote power-supply
equipment.

Test operations of the IKM-15 installation have shown both
high reliability for the equipment and stability for its para-
meters during operation as well as its conformity to the re-
quirements of the CCITT.
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UDC 621.395.34

RSL-DSh-ATS INTERSTATION COMMUNICATIONS EQUIPMENT FOR RURAL
TELEPHONE EXCHANGES

Moscow ELEKTROSVYAZ' in Russian No 3, 1980 pp 13-15 manuscript
received 18 May 77

[Article by L. A. Berezovich and L. M. Brener]

&Text] During the 1960's, the two-motion selector ATS-100,/500
100/500M) units were widely used in rural telephone exchanges
(RTE's). In order to incorporate the physical trunk lines
into the ATS-100/500 equipment, there were inductive sets in
the trunk relay which were also suitable for incorporating the
transmission system's high-frequency channels. The sets
possessed considerable shortcomings, chief among which were:
the lack of a signal with which to hold the opposite automat-
ic exchange, which is not acceptable for the two-way use of
lines and channels, particularly when the terminal stations
and tandem exchanges are unattended; the absence of a signal
with which to monitor the channel's serviceability; inadequate
immunity from pulse-type noise; the impossibility of joint
operations with local communications equipment, that is, upon
automation of the trunk exchange.

In order to eliminate the shortcomings listed and to reduce
operational expenditures for servicing interstation communica-
tions in the rural exchange, new trunk relay sets have been
developed for rural automatic exchanges of the crossbar or two-
motion selector systems.

The Leningrad branch of the Central Scientific Research In-
stitute for Communications in conjunction with the Sverdlovsk
affiliate of the Central Design Bureau hasc developed trunk
relay-two motion selector-automatic telephone exchange (RSL-
DSh-ATS) equipment which incorporates trunk relay sets for two-
motion selector automatic exchanges. The trunk relay sets in-
cluded in the RSL-DSh-ATS equipment are designed for operations
along physical interstation lines as well as along the rural
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telephone exchange's HF transmission channels with a signal
channel outside the voice-frequency band. These sets make it
possible to establish terminal and through connections in the
presence of AON [automatic number identification ] equipment at
the stations and without it. These sets operate in conjunc-
tien with similar assemblies of the two-motion selector and
crossbar automatic exchanges and can operate with the old-type
sets until the district trunk exchange is fully automated.
Thus, the principle of continuity is maintained and the feasi-
bility of gradually replacing the switching equipment in the
rural district is insured. The RSL-DSh-ATS racks are univer-
sal and make it possible to accomodate both inductive and voice
sets; they can be mounted on the floor as well as in standard
metal racks of two-motion selector automatic exchanges instead
of the old trunk relay racks.

40

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200090050-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200090050-5

FOR OFFICIAL USE ONLY

The RSL-DSh-ATS equipnent contains: the RSL-DSh-ATS rack

(fig. 1) with two G-2600-K generators and signalling devices;
a mounting plate for the RSLI-D [ further expansion not provid-
ed] set (fig. 2); a voice set mounting plate RSLUT-D (fig. 3)
with a P-2600-2 receiver; and a PP-RSL control panel with
movable cart (fig. 4). The technical data for the component
parts of the equipment are cited in table 1.

There are 20 removable rotating mounting plates installed in
any combination on both sides of the RSL-DSh-ATS rack. The
receivers are included in the plate assemblies and the gene-
rators in the rack, but they may be ordered separately as
operational spares.

Angle brackets installed in the rack's top and bottom faces
are included in the equipment kit for mounting the rack in
standard metal-frame two-motion selector automatic telephone
exchanges. The rack dimensions with the angle brackets are
2600x550x378 mm. The center-to-center installation distances
are 2330 mm for the height, 400 mm for the width.
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As was pointed out earlier, the RSLI-D assemblies can be used
both on physical lines and in transmission channel systems
with a separated signal channel. In the latter case, the in-
teraction signals are transmitted along the signal channel at
a frequency of 3800-3850 Hz with a pulse-length code adopted
for transmission by inductive methods.

The RSLUT-D sets are free from the shortcomings inherent in
signal transmission by inductive methods. The interaction sig-
nals are transmitted along two signal channels, one of which is
formed by the transmission system and the other of which is
formed directly by the assembly at a frequency of 2600 Hz. The
signal code is devised in such a way that the 2600 Hz signals
are transmitted when voice signals are not being conducted
along the channel. This reduces the possibility of spurious
cycling of the receiver due to voice signal currents. The 2600
Hz frequency is transmitted at a level of -26 dB in order to
protect the transmission system's group circuit from overloads.

Y U o g .3
’ ~/ Wpom-aH 22 lecrn-4 )fi_———::::iiil"'
Bpm &7y o™ ﬁAng
(\_(8 .
Tum " Brm "
{\—g\—~——— m | Bm s '
————— —— Jpinr-s
Ty DB mm 1/0Tem | }kz( )(\_] o7 AT
""<(\—<(\_<< | '( Ty
N | N
LA ' %7 }
- (\~(}1£\] | — ﬂﬂ:
L 10, | gyronan | e A Nl \( 5
W \pensra {pensrg 2{_ _ A’//)J
.
. /1 R y
Fig. 5

1 - Preselector; 2 - First group selector; 3 - Terminal station
No 1; 4 - Terminal station No 2; 5 - Final selector; 6 - Incom-
ing selector; 7 - Trunk offering selector; 8 - VGM [expansion
not provided]; 9 - RSLI-D; 10 - RSLUT-D; 11 - Physical line or
HF channel; 12 - Central office; 13 - RSLT-I; 14 - First trunk
group selector; 15 - RSLT-VM; 16 - From automated toll central
office; 17 - Trunk exchange; 18 - Second and fourth trunk
group selectors; 19 - First and second trunk group selectors;

20 - Second and fourth oup selectors; 21 - i :
22 _ mpoopa and group ; Incoming selector;
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Tab6anua |
Torpe-
1 2 3 Gnesue 4
Hannenonanue TFaGaputu, Macca, |Toka, A,
o6opynonannn MM Kr npH Ha-
npAXe-
rEx 60 B
6Cratua PCJI-AUI-ATC|2200X550%378 100 0,5
(6e3 naar)
8Iaars PCJIH- 516X 160X 140 1 0,45
71lneta PCAYT-A 616X160X 140 9 0,2
{c npHemnixom)
81lyasr NII-PCA 384 X507 X350 18 0,8
Tenexxa ' 796X 740X 421 16 —
10T eneparop I'-2600-K 145X 112X 27 0,2 0,03
1V prexunx 1-2600-2 145X 112X27 0.2 0,03
Table 1

1 - Equipment designation; 2 - Dimensions, mm; 3 - Weight, kg;
4 - Current requirement, A, at 60 V; 5 - RSL-DSh-ATS rack
(without mounting plates); 6 - Mounting plate RSLI-D; 7 -
Mounting plate RSLUT-D (with receiver); 8 - PP-RSL control
panel; 9 - Cart; 10 - G-2600-K generator; 11 - P-2600-2 receiv-
er.

During two-way conversations on the signal channels, signalling
frequencies are transmitted. This makes possible the uninter-
rupted monitoring of the channel's working order.

entral office or . Terminal or junction
junction center of automatic exchange
ATS-100/500, (100/ Connecting | Two-motion se- [Crossbar sys-
500M), ATS-54 (544) line lector ATS-100/ [tem ATSK-50/
automatic exchange 500 (100/500M) [200M
RSLI-D Physical 1ine|RSLI-D or RSL- RSLI-K
or HF channel|100/500
RSLUT-D HF channel RSLUT-D RSL-VCh
RSL-100/500 Physical line|RSLI-D -

or HF channel

Table 2

- 43

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200090050-5



CIA-RDP82-00850R000200090050-5

APPROVED FOR RELEASE: 2007/02/08:

FOR OFFLCULAL USE UNLX

s uoTaOUNITEW 3NOYLTM saTOokD

JO Jequmu 8FBISAY - 0f fsu ‘3TNOJTO @0TOA JO
uotqexedes BuwTi - 62 fUBUL sseT 20U ‘gp ‘punoid
syy 031 BAT3BTSI SAUTT 80ToA JO Lxqoumfise Jo
uoT}ENULl1Y - 82 {saurT BuTy4TUSUBIY DUE SutaTo08a
usomyag - 4z ¢siTun 8yjz ut S3.TNOJITO dOTOA usoamyogd
- 9g fueyj ssaT 3ouU ‘gp ‘uotjenusiie YTBISSOID

- ¢z tuotzdsoaa uodp - f2 f{UOTSSTUSUBRIL uodn - €2
tsuoTqeaado uepue)y SUTT-OM gutang - 22 ‘{UoT}
~dsoax uodfn - g f{uoTssTWsUBJIY} uodny - 0z fueus
sgow 20U ‘gp ‘UOT3EBNUSLLE TeuoTaeaado - 61 fueys
sseT aou ‘su ‘Iy yo qndino pue 21 J0 SUTASTTSJI
usomiaq KeTlad - QT !‘Pal3TUSUBIL sT Teudts Asnq
usym Kouanbaaz T1 yo andyno utr AeTad - LT f3TUum
¢z-nd ugnoaysz TeusTs g0 - 9T f{ueys aJ0uW 10U ‘aTun
¢4-nd ysSnoaysy TeudTs VO - 61 ‘s« tuotqeaado LeT8a
Jo awtl - #I ‘ueyz ssSaT 30U ¢p ‘sesTnd 8AT3ONDPUT
Jo epnyTTdWy - €1 fsw ‘UuoT3O8TISP KeToa ISATS8D
_oy - gI !‘su ‘TBUSTS UOT309UUODSTP IO uoT4TUB000a
Jo B8uwtl - TT ¢‘su ‘TRUSTS 3J0UsS JO uoT3TUS0D3X JO
swtl - Of fsu ‘eosTndut FuoT JO UOT3TUF008I JO BUT]
‘- g {Teuueyo J4H uo Sutaeaado uUsym UOT3O8UUCOST(
- g +‘uUuoT3}O8TSS Joqump - £ {SAT3OVPUT 3JI0US - 9
taaTyOonpPUT FUu0T - ¢ tsu ‘TBUSTS qo1td Jo uoTjeandg
- 4 ‘q-I01S¥ - € ¢g-I7TISY¥ - ¢ $0T3STIS8IDBIBUD - T

¢ °TqBlL

SL—0S

€r
0s

8L

L'v—¢€'e
1'9—¢'S
*11—5'01
1—9'c1

w
-

w

0s—oF
005—002
oL

24

8L

oL

08
¥+

s1—L
20y

050
0s—oF
0e—0%

oI—oL

FXHI *EENIO
en exiogeden ssuvads OF
02

L]
‘eanecl osoudosodeed
BuHALITERD Bradg @Z
9UIK M 'gY 'HINIRT
OHAUAIHDIOBIO  SOTOR
-odu ¥mndogoicwd umud
-ianKHOe 9HHexiieg BC
HLELDURU 1xedL
ex ewandu eiwvedi 3 L2
BOLNN
-UKOM MKXUIN  HN
_laudososted ALwom 9T
:39HOK 3N ‘gU ‘oMM
-exAlee  soHroxadol]l $C
awanuu vy YT
aheragou B €T
:g1MEHRdL OJONTOE
.oduxAey anHxad € CT
awondu en  LZ
sneradou ¥H  OZ
:2au09 3H ‘Y
‘onnexfiec Janogtd 61
SIHIN W N
)| yaKEYNE K f MIuL
-BHD ATWan exwdIrveg 8L
oM ‘BHL
-gHEE BUBHIHOD IbEBY
-adsu kdu }{ MlOLEL
HheYME noxdaweg L1
S-A€ 0%
-10pudidk cwuen 9O 9L

-15g0didk eadsh YO St
:ON U3¢ OJOHIAVBHIND
sxRHseMIEgRdY ¥modd Pl
VHIN M
‘g ‘wodIrAuUXE XNME
-gHINATHY vEl2HrURY EL
on awad
010HN3HAU BEREIXCAOU Z)
oM ‘KHH
-ounTOZcRd  UNERIND
EUHRERHEODOEA EMAMg L}
AW ‘ereRInd 010X10dOX
suHEERHOOLORd ERIAH QL
M

‘edqrAUNE  OJOHRRVY
suiedeReoudRd ¥NIAGE

Aven

-ex hg on 3iogud
wdu  oWRounwaqced 8
edamor dogew [

yux
-10d0X YMRHIRLAYEE @

YRR
-“HHUYY PRRENINAYEH §
1IN SYBRIND ORMOINY
-gednA  S1O0NSWILRVY ¥

T-1AUDd

€

T-ULOd

exrEdeIxYTdRY

3

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200090050-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200090050-5

FOR OFFICIAL USE ONLY

A diagram for the organization of communications when the RSL-DSh-ATS
equipment is used is shown in fig, 5, The RSLT-I and RSLT-VM agsemblies
shown in the diagram belong to the zonal automatic telephone communications
equipment.

In table 2 are given possible operational combinations of the trunk relay
assemblies when they are used at terminal (tandem) two-motion selector
or crossbar automatic exchanges,

The establishment of the local call takes place when the terminal station
subscriber selects an outgoing number for a tandem exchange or central
office, and a physical line or HF transmission system channel through

a free unit of the trunk relay becomes engaged, A trunk relay set and
the equipment for the incoming automatic exchange become engaged at the
central office (or tandem exchange), Provisions have been made in the
RSLUT-D assembly for releasing the channel 10 to 20 minutes after the
called subscriber hangs up if the caller continues to maintain the
connection,

In order to establish an outgoing trunk connection after reaching the
central office, the subscriber dials an outgoing number for a zomal
automatic trunk exchange and engages a free RSLT-I unit. An outgoing
call to the automatic trunk exchange is possible only in those cases
when the terminal station (tandem exchange) is equipped with AON [auto-
matic number identification] equipment, The transmission of "AON inter-
rogation" and "Removal of AON interrogation' signals is insured by the
RSL-DSh-ATS equipment,

The establishment of the incoming trunk connection takes place under
the control of the automatic trunk exchange's instruments,

The electrical characteristics of the RSL-DSh-ATS equipment are cited
in table 3,

The operation of the equipment as well as the routine maintenance and
repair of the assemblies should be carried out using the PP-RSL control
panel. The panel is equipped with a voice ringing set and technical
instructions.

BIBLIOGRAPHY
1, Melamud, E, A, "New Techniques for the Transmission of Interaction
Signals Between Rural Automatic Telephone Exchanges," VESTNIK !
SVYAZI No 5, 1975,
[222-9512]

COPYRIGHT: Izdatel'stvo "Svyaz'," "Elektrosvyaz'," 1980

9512
Cso: 1860
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OSCILLATORS, MODULATORS, GENERATORS:

UDC 621,373,42

ANALYSIS OF THE EFFECT OF IONIZING RADIATION ON SELF-EXCITED OSCILLATOR
FREQUENCY STABILITY

Moscow RADIOTEKHNIKA in Russian Vol 35, No 3, 1980 pp 42-44
[Article by V., P, D'yachkin and S. N. Krasil'nikov]

[Text] As a result of the effect of icnizing radiation on electronic
devices (ED), the parameters of input signals from circuits of practically
all types change [1,2], including transistorized, self-excited oscillators,
Let us examine the stability of a self-excited generator frequency when
exposed to lonizing radiation,

It is known that the equation for the stationary mode of a self-excited
oscillator may be written in the form

2§ioc =1, ®

where Z is the impedance in the collector circuit; éave is the average
transconductance of the active element and Kog 18 the feedback factor.

Let us write the phase balance in the self-excited oscillator under
the condition of dependence of the parameters of its elements «1,
Kgy ose & on an integral ionizing radiation flow ¢:

¢ = Pla(®), 4, o] = F 2nm,

where A, W are the amplitude and the frequency of the oscillations being
generated.

To insure a stationary mode when there is radiation, the values of the
amplitude and frequency of the oscillations being generated should vary
80 as to compensate for the increase in the elements' parameters,

Having expanded function P into a Taylor series by small increments of
A¢ , AA, Aw around the point of stationary mode "0" and having been

restricted by the linear members of the expansion, we obtain
) § -

2G50+ GE)sa+ () su o @
n=l .
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Then the radiation change in the frequency of a self-excited oscillator

will be p

2. ij) 3%) A'H(%) a4
2 L=

w d? . . (3)

e/

Let us compare the phase balance equation for the equivalent circuit

for the self-excited Hartley oscillator in Figure 1 (where Ryyte and

Xout are the output resistance and capacitive reactants of the transistor
and Koo = (L)Cext)-l is the external reactance). Let us assume that

Z] and Z; are purely reactive in nature; then Z) =iXy = 1WLl; 29 =

iXp = (iLch)"1 (the case.of a capacitor-type Hartley oscillator,)*

Key to Figure 1:

L. Xext
. xout:
. Rout

For convenience in analyzing the circuit we will convert the parallel

connection Ry, ., Xout and Xoxt Into a series circuit R3, X3:

Rout _ oCR, i
T4 a'CRo, L4 0*C Ry

z,-

where C = Copy + Coyys Cout 18 the output capacitance of the transistor.
For the circuit being examined, it is here possible to write

2_%; @)
Z|+Z|+Zl

We will represent the feedback factor without taking into consideration
the transistor input curve for simplification of further computation
(L.e., we will suppose that KOS is equal to the transformation coefficient):

Regm ——22—. ®)

*Rue, 'yemkostnaya trekhtochka,' possibly a Colpitts oscillator.
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The average transconductance of the transistor [3] is

Save Spyafit 118 95) cos s, )
where Sape and ¢s are the modulus and the phase of the average trans-
conductance of the active element.

Having substituted (4) - (6) in (1), we obtain

—S.. (1+|lgqs)cos?s-7——z-.'—z—'-.—-l. . )]
Ave Z,+2Z,+ 2,

The imaginary part of expression (7), taking into consideration the
values 27, Z3, 25 reflects the phase balance in the self-excited oscillator.

CyRoust — 18 959*C Ry Cs + £Dy = 0, . ®
where

Dy = 1461C, (CReyg + L) + 6R2e G2 (1 + wlC,): £ = 1g 95 + uCRomy

As 18 known [4], the main causes of frequency instabilities in transis-
torized, self-excited oscillators are changes in the output capacitance,
in the transistor transconductance phase. If a self-excited oscillator

is examined at frequencies 0.1 £w<£ 0,3 o)s (where Qg is the
limiting transconductance frequency of the transistor), when frequency
instability because of changes in transconductance phase may be ignored
[5]. Furthermore, the average transconductance phase within the frequency
range under examination does not depend on amplitude [6], therefore

we take the second member in the numerator of formula (3) to be equal

to zero,

The stability of the passive elements of circuits to the effect of ionizing
radiation is much higher than in ‘transistors [7], therefore the radiation
change in their parameters cannot significantly affect the frequency

being generated, The output capacitance of a transistor in a circuit

with an OE [common emitter] is usually written as

Caoe = Caes {1 + hd ©

where Cpe is the barrier capacitance of the collector p-n-junction;
hyje is the coefficient of base current transmission,

The absolute radiation change hyy, is much greater than the change of
Cpes therefore we exclude the latter from analysis, Given a radiation
by an integral flow, ¢ > Ja (¢a is the integral absolute transistor
stability flow) and hyj, varies according to the rule [1]

0,20
hrieg = hiigmo+ Re e ‘ (10)
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where K; is the coefficient of radiation damage depending on the resis-
tivity of the material in the transistor base and the ionizing radiation
energy; fp 1s the limiting frequency of the transistor transmission

coeffieient; hpjef 18 the transistor base current transmission coefficient
after irradiationm,

Having substituted formulae (8) - (10) in (3), and after appropriate
transforms, we obtain

Aw VRpuxe (18 ?San“‘Ca —D)— [le};J’(m, (C, -+ 2C 4 ‘ZL:.)’?E_,_) D4 i

o 7 Ruuxca—‘glg ?SRaux“'Cl"+Dl1+2""(kuuxcst+‘z+ LC,+2LwCyx?) & 1
0,24 i (an

XRofs '
t = RowaCi V = Cx6h3yy o

In a circuit with inductive feedback:
Z, o 1X,y = (WC)Y Z, = 1X, = loLy; Zy = Ry + 1X5 Xou =L, .
the values of Ry and X3 take on the form

0lLRe ut . . o LRout (Rowt — 9*Crys LRout) .
Ry = Rect— o Con LRe? + L1 %"~ (Rect— v"Coutl Rue ¥ + (oL’

since it is usually true that WL >7 (Ro £ " a)zcoutmout), the first
term in the demoninators may be ignored, En this case, Ry & R

X3 # M/&L [here M = Ry ? (1-w?C 1) ].

out?

Performing all subsequent calculations, as we did for self-excited
oscillators with a capacitive feedback, we find

I " WLRp V(D + oC,M) 0,259 12

w o © 0D, K@/Y' ( )
(18 95 — 20Co, e Rot) LRt Dy + (18 3sRove oL + M) 557 + 1

where

D, = MeCy + @LLC, + wlyin= mLClRout (2"’,LR;'C°‘AA g 95 — 3vlRout —
— 21 psh) ' -

Experimental tests were made to check the ratios which were obtained,
Self-excited oscillator units were irradiated using neutrons with an
energy of 0,1 MeV in the horizontal experimental channel of a nuclear
reactor. The thermal neutron component of the complex field of the
reactor's active zone was weakened using a cadmium shield. Preliminary
control of the exposure value for the integral neutron flow was provided
based on a radiation time and the reactor's power, The final value of
the integral flow acting on the self-excited oscillators was determined
from calibrated threshold detectors which were irradiated along with

the samples,
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As may be seen from Figure 2, the calculated

Lufy [ data from formula (11) coincide with the
a1 ,lmf results of full-scale testing with an accuracy
L~ adequate for practice, In making the cal-
805 . culations, an integral neutron equal to ¢ a _
° was taken as the small increase in the !
integral flow 4¢ . The relationships (11)

uowt ot wt and (12) permit us to calculate the radiation-
¢yW’”2 parametric frequency drift in LC-self-excited
Puc. 2 oscillators with an inductive and a capacitive
feedback and may prove to be useful in
Figure 2 engineering practice,
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PUBLICATIONS’, INCLUDING COLLECTIONS OF
"ABSTRACTS

PAPERS ON ELECTRONIC TECHNOLOGY

Kiev, VESINIK KIYEVSKOGO POLITEKNICHESKOGO INSTITUTA; RADIOELECTRONIKA
(Bulletin of the Kiev Polytechnical Institute; Radioelectronics) in
Russian, No 16, 1979 signed to press 4 Jan 79 p 2, 132-135

[Annotation and table of contents from journal edited by A. Ye. Balyasnaya,
Vishcha shkola, 1000 copies, 144 pp]
|

{Text] This bulletin deafls with issues in the analysis and synthesis of
electronic circuits, the development of methods and devices for transforming
information, the study of the electrophysical characteristics of solids and
their use in the development of electronic technology.

For scientific workers and engineers in appropriate specialities.
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UDC 621,393,96

EXPANDING THE LIMITS OF THE APPLICABILITY OF A MATHEMATICAL RADAR
TARGET MODEL

Moscow RADIOTEKHNIKA in Russian Vol 35, No 3, 1980 pp 44-46
[Article by Ye. D, Kazakov]

[Text] The mathematical models being used to produce an expression for
the reflected signal of radar targets in the quasi-optical area of radio
wave dispersion [1,2] are valid when all of the distances 1; between the
target reflection elementsl are considerably greater (by an order) than
the maximum wavelength of the radar station A,
In practice, actual radar targets may have a large number of reflecting
elements, This results in a reduction of the distances between the in-
dividual reflectors, and the use of mathematical target models for analyzing
information contained in the reflected signal, in particular the model
described in [1] will result in significant errors, Below for a more

general model, which makes it possible to take into account the polarization-
frequency properties of the reflected signal [2], additional conditions

are introduced which permit us to expand the limits of applicability of

the model, i.e., load to the possibility of using the model in the case

when certain distances between the target reflecting elements become
commensurate with the wavelength of the radar station, Let us obtain

and analyze the expression for the average value for the matrix of the
intensities of signals reflected from the target for introduction of

these conditions.

Let the radar station radiate a signal on two orthagonally polarized
frequencies and reception of the reflected signal be accomplished by
two orthagonally polarized receiving channels. Then the matrix of the
reflected signals when representing a target consisting of N independent
reflecting elements [2] may be written in the form

IAny kind of reflectors on the target, the reflecting properties of
each of which are characterized by their polarization dispersion matrix
in the polarization base of a radiating radar station [2], are called
the target reflecting elements,
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where m = 2T[/ X\ is the wave number; Xy (t) is the coordinate of the
i-th target reflecting element, read off from the reference center
of the target along the sighting line; r(t) is the distance to the
reference center of the target; Si(t) is the polarization dispersion
matrix (pdm) of the i-th target reflecting element in the polarization
_ measuring base of the radar stations; U(t- to) is the matrix of the radar
station's radiated signals delayed for the propagation time tg up to
the target reference center.

The expression for the average value of intensity of the reflected signal
of the main constituent upon averaging over a certain time interval?,
which is analogous to averaging the observation angles at a certain
angle of approach, has the form

p(t)...zs 2 (OUL(E—1t) +
=1
N

+ D SmE, UL ¢E—t)e
s, 1=1, 1=

T2 £, (61— (0] '
'

where is the sign for time-dependent averaging.

Since the target orientation and nature of its rotation are unknown, we
assume that change in the observation angle of the radar target is a
random, stationary ergodic process, Then when calculating the average
value of the intensity of the reflected signal, it is possible to switch
from time-dependent averaging to statistical averaging. In this case
each member of the second sum of expression (2) is divided into two
cofactors because the values of S determine the reflecting properties

of the individual reflectors and the exponential cofactors are the
position of the reflectors in space, The average value for the intensity
of the reflected signal is in this case expressed in the values of the
effective target reflecting surface,

. A’ - N
Shp = 2 Shu @+ D Sppa (O Sppi (1) (N, @)
=1 1#1
i=1, 1=l

Expression (3) is distinct from those expressions usually cited in the
literature, e,g., in [1] because of the presence of the second sum.
Since the first member of (3) is the sum of the average values of the

2The averaging interval is determined by the relationship of the target
dimensions and the wave length of the radar station,
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- effective reflecting surfaces of the target's reflectors on fundamental
polarization, consequently it is necessary to reduce the second sum to
zero in order to obtain the well-known expression from (3),

Let us obtain the dependence of the exponential
property of expression (3) on the target
deflection angle in explicit form, Let target
rotation occur in the plane X0Y (cf figure)
and let the rotation speed of all the target
- reflecting elements be identical Q4 =524 =
S1). Then if the sector of the observation
angles is small and rotation begins at the
instant characterizable by the angle's £ g,
510, then Puc. 1
X —xi(l) =0+ 1008 (1,4 Q1) — Pe cos(eio+01). Figure 1
Transforming this expression we obtain x1 (1) =i () = Ax1isc0s 2Dy, osinQe,
where Axyy., Aylio are the distance between the l-th and i-th target
reflectors at the initial instant along axes x and y of the coordinate
system,

For a small observation angle sector, this expression may be written
in the form ’ e )
X)) — &) = axy, Y T 704 apppor, “)

where ¥ ={1Lt,

Substituting (4) in (3), we obtaip
N N . ‘14:(;‘ Visy .
} . .o . - ~T' + 8
Shp (e = X (S0 + 2 Sop(OSipt(ty e ® s ), )
=t l=ll?él‘=l
When the differences in the coordinates at the initial instant are
independent and when there are normal laws for the distribution of the
coordinates of the reflecting elements along axes x and y with zero
average values and standard variation of Txios O'xlos Oyios %ylo
we have [3],

© Brr(l—1n) 4 ! }
J =exp { -5 (“xia =2 ey Y u*'lo) x }

8ty . .
Xexp { =TT (v ™ vy F °Yw)1l‘ ®

Let us examine the physical sense of the coefficients of correlation
among the reflector coordinates rxioxlo(rYioYIc))'

Expression (6) approaches zero if the exponential properties increase,
In this case (3) is reduced to the known expression, i,e,, the mathematical

model based upon which the expression for the reflected signal was
obtained, will be valid. Tet

Txioes (Myiove) = 1 [(Cxi0 "°‘1o)/kl > L (sy, )| > 1 B
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(the distance among the coordinates of pairs of target reflecting elements
is significantly greater than the radar station's wave length.)

Then, (6) approaches zero and (3) transforms into

N
(8%, (ty —= s, e @
=1

When the coefficient of correlation between the coordinates for the pairs
of target reflecting elements 1s equal to unity, it is necessary that

the distances between the re.lector coordinates significantly exceed the
radar station's wavelength for applicability of the radar target model
being used,

In order to reduce the second sum in (3) to zero when the distances bet-
ween the reflectors are diminished, but still exceed the radar station's
wavelength, the value for the coefficient of correlation between the
coordinates of the reflector pairs in (6) should vary from one to minus
one,

This additional condition will permit us to expand the limits of appli-
cability for the propused mathematical model, It is advisable to intro-
duce analogous values for the coefficients of correlation into multiples
between the coordinates of the depolarizing target reflecting elements

when obtaining and using expressions of the reflected signal for depolarized
constituents., Specific values for the coefficient of correlation between
the coordinates of the target reflecting elements are selected for each
pair of reflectors on the basis of the physical observation conditions

for one or another of the targets when conducting concrete studies.

Thus introduction of coefficients of correlation between the coordinates
of pairs both of all, as well as of just the depolarizing reflecting
elements, the values of which diminished from one to minus one as the
distance between the reflectors is reduced (as this distance approaches
the radar station's wavelength), into the mathematical model of radar
targets also permits us to use the mathematical model for the analysis
of polarization-dispersing properties of tragets which is described in
[2] in this case as well,

LITERATURE
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UDC 621.396,96
MULTICHANNEL SHORT-RANGE NOISE RADAR STATIONS WITH INTEGRAL SCAN

Moscow RADIOTEKHNIKA in Russian Vol 35, No 3, 1980 pp 35-37
[Article by V, V. Grigorin-Ryabov, A. P, Bogachev and 0, I. Shelukhin]

[Text] In a number of instances, the task of detecting still objects

with great accuracy over a strictly fixed territory in case of intense
interfering reflections from an underlying surface and local objects is

of interest. A similar problem is solved using stationary, short-range
noise radar stations with integral scan [1], Moreover, the high require-
ments imposed on the accuracy for determining the position of obstacles, and
the noise immunity of the systems, as well as on fixation of the boundaries
of the area being monitored make it necessary to build multichannel radar
stations with space-time signal processing.

[Key on following page]
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Key to Figure 1:

. Accelerator-limiter 5. Receiver A
. K 6. Receiver B

1
2 sec
3. Prd [? Transmitter] . Equisignal direction
4, Delay line

~

let us examine the main design features and the characteristics of similar
systems, one configuration of which is shown in Figure 1, Two azimuth
dual channel systems, the equisignal directions of which are coincident
with the boundaries of the area being monitored, are used in the radar
station receiver, Considering that the main signal represents a normal
stationary random process with a prescribed energy spectrum

g ) w——mc*
22V= xp[‘—( )]' o, & o,

Sg(©) = o [N du?

Let us determine the output characteristic of the dual channel system of,
for example, receiver A:

£ (%) F (4 S
=

v

Byt = St @K @Ky (0) Ke(wy o' T F PO F =@y, )

where K; w), K, (W) and Kd((J) are the normed frequency characteristics

of the first and second channels and the differentiator, respectively;
$1(W), ¢2(w), and ¢4(wW) are their phase characteristics, respectively;
F(¥ 1), and F(¥;,) are the radiation patterns of the receiving antennas;

¥ (x;y) is the angle between the normal to the antenna's aperture plane

and the direction to the object.

We assume that the amplifier in each channel is a narrow-band linear
system with a transmission band AWj and amplitude-frequency characteris-
tics similar to S, (W), e.g., in the form of a Gauss radio filter.

1 2 @ —
Kuttoymesp =g (St — Zate= ],

where Aui is the transmission band at the level 1/ JeE;

Substituting the values for Sg (&) and Ki(iw) in (1), and also assuming
that Kg(1W) = -3
Kall©) ™ € °, 2 0y = 0y — Ay, H 0,y = 0 -} Ao,,,
we finally find .
‘ 2¥ w0
By (0 )] = F [ (35 9)] F 19 (x5 v} == X
Qo y X,

a2--a?) 1 2 ’
o[ =7 43 (2 2 (e -

! vy , o+, 1
T Tae T ,-m,) ]3“‘ [‘“c“" N==y7 TmX
2 o LRI
X (Am, - Aw,) (T (xy) — v n (Am‘ _~R—‘))]- (2)
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where -
A N o
ay - —A%‘l—’—; LA o (‘ZAm])_' + (QAug)—l .

As may be seen from (2), the presence of a rapidly changing function in
B n/n [t (x;y)] may result in ambiguity in determining the angular coordinate
of the object; however the direction properties of the radiation patterns
permit us to eliminate the aforementioned ambiguity,
Correlative processing of the noise
signal in the units K3, Kb’ KS
and Kg calculating the function
By, g [T (x;y)] was specified to
achleve higher range rasolution in
the receiver, Moreover, the lag
time of the reference signal is
chosen from the relationship Top ™
1/C(R01 + Ryy), a fact conditiontd
by the location of the transmitter
and recelver's A and B in the foci
of the ellipse, the generatrix of

Puc. 2 : which passes through the geometric
center of the territory being guarded.
- Figure 2 Range resolution in the systems

being examined is primary determined
by the broad band nature of the probing signal,

Let us determine the summary characteristic of a system having the
structural diagram shown in Figure 1:

By [e(x: y)] = By 205 ) [BA fx(x )] + BA e (x ) +
+ B ol () {BE, te(x: ) + BE, Js(x: 9] |

A geometric interpretation of the summary characteristic of the system
is presented in Figure 2. As we see, Bs [ T(x;y)] for objects located
beyond the area being monitored and within its bounds is distinguished
by polarity, which may be used to improve the angular coordinate resolution,
This leads to partial compensation of interferring reflections from an

- underlying surface and local objects; for illustration let us determine
the level of interferring reflections at the output of each of the azimuth
systems, using the results of [2]

Up=1 SSF (aep (5 ) F [y (63 D) F [ (55 9)) By [wx; ) V [8 (s ) dxdy,
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where V[JL(x;y)] is the specific effective reflecting area of the under-
lying surface; -7 (x;y) is the angle of incidence of a wave at a point
with coordinates x,y; L is a proportionality coefficient,

It is not difficult to demonstrate that given intensive interferring reflec-
tions from local objects, i.e., a clearly expressed background nonunifor-
mity, the interferring reflections are partially compensated when there

are identical receiving channels and a uniform underlying surface, i.e,,
when V[\}(x;y)] = const,; when there are identical radiation patterns

for the channels, full background compensation is observed, Let us

examine several features of similar systems associated with a deteirmination
of their detection characteristics.

As was shown in [3], in the case of optimum processing of the channels
it is possible to determine the detection characteristics using distribution
cumulents which take on the following form for the case being examined:

1 1
= [ CH+ sl ]i xam w8 A,
where
Ty
Cn= 'n[RM(c. n)R;;l(n.)]; bn "S Riu(t:t) hy (2. S) dv

m is the number of spatially separated receiving chanmels (in the given
case, m = 4), For systems in Figure 1, the quadratric matrices C and B
degenerate into block matrices of the form

coy

N
W b= u —b'. :_0. “, ®)
0's,

C =

a fact caused by the spatial separation of the receiver channels or by
R13 = Rj4 = Rp3 = R34 = R3] = R4y = R3p = Ry3 = 0,

As may be seen from (3), the spatial separation of the receiving channels

as well as the need for forming and alternating characteristic Bg [T (x;y)]
results in the detection characteristics becoming worse, As engineering
formulae permitting us to evaluate the detection characteristics we use

the relationship D=1 - (1L - P don'n Pf.a.7|& )4 for the probability

of correct detection D, By anafogy, we use F =1 - (1- Pf.a.,1-n Pf.a.71g)4
QPf.a,'n' Pt a.me ' where Prqy and Pg,y are the probabilities of correct
detection and false alarm for each of the processing chamnnels,

To improve the probability of correct detection it is possible to use
the secondary correlation phenomena for which correlative processing
of signals from the outputs of the correlators K; and is performed
(cf, Figure 1). Using this type of processing permits iis to eliminate
the block nature of matrices in (3) and it expands the potential
capabilities of the system, Moreover, the probabilities of proper
detection and false alarm may be determined from the relationship
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D.F =1—( = gigwrn fad £ 0~ & gognor -

* It is not difficult to see that in the latter instance, an increase in
the probability of proper detection and a negligible increase in the
probability of false alarm are observed,

Aside from the task of detecting obstacles within the bounds of the
recorded area, the indicated systems may also evaluate the coordinates
of the site of these obstacles., For this, for example, in the case of
coincidence of the transmitter and receiver B, it is necessary to include
in this system a device solving the system of equations

. 1 !
Ay = (2Ry -y (O3XF X+ (B + ¥ — 1 05X —xF+ (6 + ¥ C), ]
. 2 P )
Aty =7 (2Ry— V(05X + 27 + (6 + 1)')- J
From (4), after simple transforms, we find

9y
Ac) = Cfe. (004 2y +yY); by - TR, (1 + Xx+2by + v,

where A7;* 1s an evaluation of the dealy of the signal reflected from
the obstacle in receiver A, A'(’z* is the delay of the signal which is
evaluated in receiver B,

It is not difficult to see that for receiver A, AT 1*(x;y) = const

is an ellipse, whereas for B, AT 2*(x;y) = const is a circumference.
Thus, the site of an object may be determined as the point of intersection
of the ellipse and the circumference, The ambiguity of the solution of
equations (4) may easily be eliminated by using the directional properties
of the receiving antennas.
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